Abstract. Historical written records associated with tax relief at ten estates located in south-eastern Moravia (Czech Republic) are used for the study of hydrometeorological extremes and their impacts during the period 1751-1900 AD. At the time, the taxation system in Moravia allowed farmers to request tax relief if their crop yields had been negatively affected by hydrological and meteorological extremes. The documentation involved contains information about the type of extreme event and the date of its occurrence, while the impact on crops may often be derived. A total of 175 extreme events resulting in some kind of damage are documented for 1751-1900, with the highest concentration between 1811 and 1860 (74.9 % of all events analysed). The nature of events leading to damage (of a possible 272 types) include hailstorm (25.7 %), torrential rain (21.7 %), flood (21.0 %), followed by thunderstorm, flash flood, late frost and windstorm. The four most outstanding events, affecting the highest number of settlements, were thunderstorms with hailstorms (25 June 1825, 20 May 1847 and 29 June 1890) and flooding of the River Morava (mid-June 1847). Hydrometeorological extremes in the 1816-1855 period are compared with those occurring during the recent 1961-2000 period. The results obtained are inevitably influenced by uncertainties related to taxation records, such as their temporal and spatial incompleteness, the limits of the period of outside agricultural work (i.e. mainly May-August) and the purpose for which they were originally collected (primarily tax alleviation, i.e. information about hydrometeorological extremes was of secondary importance). Taxation records constitute an important source of data for historical climatology and historical hydrology and have a great potential for use in many European countries.
Introduction
Meteorological and hydrological extremes have led, both in the past and in recent times, to loss of human lives and great material damage. Recent global warming, conditioned by anthropogenic enhancement of the greenhouse effect, generates quite reasonable fears that extreme phenomena of increased frequency and severity might accompany it (Mitchell et al., 2006; Beniston et al., 2007; Solomon et al., 2007; Füssel, 2009; Kundzewicz et al., 2010; Sander, 2011) . It is essential that the longest possible series of meteorological and hydrological (further as hydrometeorological) extremes be compiled for the study of periods with only natural forcing factors and comparison with those that combine with anthropogenic effects. In terms of systematic observations in the Czech Republic, these are limited by the timing of the establishment of the national networks of meteorological and hydrological stations, which largely began in the latter half of the 19th century. These observation series may, however, be extended into the preceding period by means of documentary evidence that contains direct and indirect information about the weather and related phenomena, including hydrometeorological extremes and their impacts.
Reports of the weather and water damage related to claims for tax relief or similar compensation constitute highly important documentary sources of an institutional character for use in historical climatology (Brázdil et al., 2005b (Brázdil et al., , 2010 and hydrology (Brázdil et al., 2006a) . If inclement weather (such as hail, flood, torrential rain, windstorm) damaged crops heavily, taxpayers cultivating the land in question were able to apply for a proportional rebate. Written records related to the various stages of this administration process survive in several kinds of archives and may be used as an important source of information about past hydrometeorological extremes and their impacts. Despite the fact that such data exists in many countries, their use for the study of past climates or hydrometeorological extremes is relatively rare. For example, Grove and Battagel (1983) used data from general tax commissions to characterise climatic impacts on the economy in the 17th and 18th centuries in the region of Sunnfjord (western Norway). An enormous number of petitions for tax relief during 1667-1723 AD showed a deterioration of economic conditions as a result of the onset of glaciers, particularly at farms situated at higher altitudes affected by landslides and avalanches, and those at lower levels by floods. García et al. (2003) used tax payment data from the Canary Islands (1595-1836 AD) to reconstruct wheat and barley yields and subsequently used them to reconstruct precipitation rates.
Several studies exploiting taxation records have been made in the Czech Republic. Matušíková (1996) used such evidence to study responses from landowners (and/or demesne administrators) to requests for help based on the impacts of extreme events (e.g. floods, hailstorms) in the Elbe region in the latter half of the 17th century. investigated several weather extremes in the Pernštejn demesne for 1694-1718 AD. A rich evidence of hydrometeorological extremes and their impacts are obtained from documents kept by the Liechtenstein holdings of Dolní Kounice and Mikulov, by . A summary of knowledge related to records from several estates in southern Moravia has been published by Brázdil et al. (2006b ). Zahradníček (2006 dealt with the same topic for the Bítov estate, Dolák (2010) for the Buchlov estate and Chromá (2011) for the Veselí nad Moravou estate. Extremes derived from the above documentation were used for a more general study of historical natural extremes in Moravia (Brázdil and Kirchner, 2007) , as well as of floods on the River Morava .
The current paper centres upon early taxation data for the study of hydrometeorological extremes and their impacts in comparison with recent events along a part of the River Morava in south-eastern Moravia, an important agricultural region of the Czech Republic. Section 2 describes the area studied and outlines its historical features. The following section discusses the development of the taxation system in Moravia, including procedures for tax rebate or relief. Section 4 deals with the way in which taxation records may be used to derive information about hydrometeorological extremes. Section 5 provides a spatio-temporal analysis of the hydrometeorological extremes derived from the taxation evidence and describes the most outstanding events. Limitations and uncertainties of the evidence employed, as well as a comparison of historical events with those of recent times, are addressed in Sect. 6. This is followed by some concluding remarks.
Area studied
The area studied extends along the middle section of the River Morava, a zone that includes several historical estates, lying approximately between the settlements of Kvasice and Rohatec (Fig. 1) . The selection of this area was influenced by existing research into the evolution of the River Morava floodplain and a study of floodplain sediments intended to reconstruct the river's development (see Kadlec et al., 2009; Grygar et al., 2010; Matys Grygar et al., 2011) . The area studied was delimited by the extent of ten estates present in the 18-19th centuries (Table 1) Dolnomoravskýúval Graben, this territory is one of the most important agriculturally productive regions in Moravia and the Czech Republic, both for producing crops (mainly cereals) and raising cattle. Thus arable land was not the only consideration; meadows for hay production or direct pastures were equally important, and extended largely along the River Morava.
The ten estates in the territory studied (Table 1) were owned by various noble families. In the period spanning the early 17th century to 1848, they included a total of five major towns (Bzenec, Strážnice, Uherské Hradiště, Uherský Ostroh, and Veselí nad Moravou), 13 small towns and 106 villages. Their individual areas in the first part of the 19th century covered between 27 606 ha (Uherský Ostroh) and 5277 ha (Kvasice). The periods for which documents survive, deposited in the Moravian Land Archives of Brno since 1954 (for the holdings of Uherské Hradiště town in the Uherské Hradiště State District Archives and for the Strážnice estate partly in the Hodonín State District Archives), vary widely for individual estates and only contain partial records of tax information that can be used for the study of hydrometeorological extremes. This information may be complemented for the Strážnice estate by other documents, such as the recording "books of memory" kept by several of its farms (see sources S12-S15).
Changes in the tax system in Moravia
Since quite early historical times, damage done by meteorological and hydrological events has constituted legitimate grounds for relief of tax duty. However, the actual procedure for tax collection changed over time. For example, in the 16th century the feudal lord handed over fiscal statements ("přiznávací berní listy"), in which the landowner himself specified what had been affected by fire or weather and to what extent he was reducing the sum of money due (S1). Lower tax payments arising out of damage were also addressed by meetings of Moravian councillors (diets), at which the Moravian Estate Administration specified the ways in which claimants -farmers -had to state the nature and causes of the damage and provide evidence for it (for the year 1608, see Kameníček, 1905) .
In the second part of the 17th century, the "hidage" system of taxation was introduced to Moravia. Centuries before, one "hide" had been the unit of land sufficient to support a family, but in the course of time it became a somewhat arbitrary and subjective unit of land taxation. Only the land of subjects (rustic, or peasant, land) was subject to tax; the land of the lords (dominical, or noble) was exempt from duty. In the First Moravian Land Registry, 1655, it was agreed that "whosoever in the future shall suffer damage due to fire or otherwise, for the purpose of reduction of [taxes due from] hides affected by the damage, report it to the regional administrator who will evaluate it with the neighbours". This also applied to damage done by hydrometeorological events. Just ten years later, this Land Registry was revised and a Second Moravian Land Registry established in 1675, enabling similar tax relief (Novotný, 1934) .
The Second Moravian Land Registry tax system lasted until what became known as the Land Registry of Maria Theresa in 1760, on which work had begun during the reign of Empress Maria Theresa as early as 1748. Her decree of 26 July 1748 (Fig. 2a) specifically mentions damage by water and weather to houses, barns, fields and yields; depending on the severity of the water damage, tax relief may be granted for up to two or three years, while for simple weather damage a decision must be made as to whether no damage, or half-damages, will be acceptable (S3). The Maria Theresa Land Registry redefined the list of holdings and all other objects liable for land taxes and dues. On the basis of this list, net profit from peasant homesteads became the basis for the determination of tax. For the first time, a list of dominical (noble) land became liable for taxation to contribute to general state expenses, together with the incomes of feudal lords from industrial undertakings, serf (robot) payments and manorial labour, and including the possessions of the Church and the towns.
Briefly, from 1 November 1789 until 1 May 1790, the Land Registry of Joseph II, son of Maria Theresa, was valid in Moravia. This reform was an attempt to diminish the difference in taxation between the rustic and the dominical. The fundamental tax unit became the community and individual pieces of land were newly assessed for taxation.
The Maria Theresa Land Registry was soon reinstated, under which the tax dues of both overlord and peasant was standardised (Fig. 2b ). Taxes were raised with this system until 1 November 1820, when a provisional revision came into force for the whole of Moravia and continued until the introduction of the Stable Land Registry in 1851. For land tax, this provisional arrangement linked up with a slightly adapted version of the Joseph II Land Registry, with respect to changes in landholders, the extent of land and the agricultural crops grown. A new evaluation of yields also became the subject of taxation (Kocman et al., 1954) .
Information obtained at the level of estate management may be compared with data based on the plenary processing of taxes for the whole land. The institutions involved were the regional offices, particularly their land book-keeping departments, in which taxes were collated and to which actual sums of money were directed. Unfortunately, much of the material from these institutions has been preserved only by chance in Moravia (regional offices) (Macek andŽáček, 1958) ; otherwise, much deliberate destruction of documents took place (Kocman et al., 1954) , so contemporaneous data can be obtained only sporadically.
Hydrometeorological interpretation of taxation documents
The mechanism of tax reductions consisted of three stages. Firstly, the owners of land, representatives of a settlement or individual farmers sent basic information about what had taken place together with a detailed description of the damage to the state executive (regional offices). After this, commissioners appointed by the regional administrator were obliged to inspect the places affected personally (in situ) and make records. Finally, the state executive made its decision as to whether to allow or reject the tax relief requested. This whole process is reflected in various surviving documents, largely written in German and corresponding to the three stages mentioned. However, the originally reported damage was not always compensated in full. For example, the area-equivalent damaged by torrential rain and flood in the Pernštejn demesne on 2 June 1710 was decreased by commissioners to only twothirds of the originally estimated damage to sown and worked fields (605 6/8 měřice, 133.7 ha) and finally reduced by the administrator of the Brno region to 382 7/8 měřice, 84.5 ha .
Information about hydrometeorological extremes has to be derived in more or less supplementary fashion from any detailed description of the damage done, no matter how limited that description. For the majority of events, standard terminology is used related to, for example, hailstorms ("Hagelwetter, Hagel, Schlossen, Wetterschlag, Hagelschlag, Hagelschaden") , torrential rain ("Wolkenbruch, Gewitterregen, Regenguss"), windstorms ("Sturmwind") and floods ("Austritt des Marchwassers, Austritt des Marchflusses, Marchexundation,Überschwemmung"). The nature of certain extremes sometimes has to be interpreted from the context of reports making general statements such as "Wetterschaden" (weather damage) or "Wasserschaden" (water damage). While the former was generally used for damage caused by hailstorms, the latter might mean damage related to torrential rain, flash flood or flood. The interpretations of "Elementarschaden, Elementarunfall" are uncertain in the absence of any additional documentation to help classify such events. Although the majority of events are exactly dated, the occurrence of some of them is attributable only to certain months, or even more generally to the period before the day upon which the corresponding written document is dated.
Various types of hydrometeorological extremes may be identified from taxation records, such as thunderstorm, hailstorm, windstorm, torrential rain (downpour), flash flood, flood, late frost, cold and wet spells, and drought. They are nearly all associated with the vegetation period, in which damage to agricultural crops and hay occurred (mainly from May to August). In other parts of the year they are very rare. One example may be found in the report of a windstorm, 21-23 November 1868, on the Strážnice estate, which blew dry soil particles from the fields, exposing the rootlets of winter crops and fatally drying them out. The crops had to be sown again (S15). A similar case occurred there between 28 January and 1 February 1848, when windstorms blew soil from the fields and damaged winter crops (S17). A record from 23 November 1868 cites a windstorm that did damage to two buildings and in the forests in and around Město Albrechtice (Heisig, 1929) , but the real windstorm catastrophe in the Czech Lands was still to come, on 7 December 1868, when widespread destruction of woodlands took place (Brázdil et al., 2004) .
Although damage arising out of late (in spring or early summer) or early (autumn) frosts was not included among the weather events formally entitled to tax relief, widespread damage to field crops and vineyards occasionally forced farmers to apply for it. Their efforts, however, did not appear to meet with success. One example may be a severe frost, mentioned on the Strážnice estate for 18 May 1662, which did significant damage to cereals, fruit trees and vineyards (S35) . This event is mentioned by many other documentary sources from the Czech Lands, some of them citing a great deal of snow falling afterwards (CZdb for the year 1662).
Information derived from individual estates is not confined only to their specific localities, their own settlements, and events occurring there. Estate administrations were sometimes asked for financial support for people stricken by disastrous events on other estates or even in other parts of the Austrian empire. Examples may be found in hailstorm damage on 22 July 1840 to several estates in Moravia and on 25 June 1844 in southern Bohemia and Lower Austria (S34), and also in floods in Pravlov on the River Jihlava in March 1839 (S34) and Prague on the River Vltava at the end of March 1845 (S27) (see also Brázdil et al., , 2005a . Rain destroying the harvest in Hungary in 1845 also triggered such responses (S28) . If the requests proved successful, no other documents exist for any of these particular cases. 
Hydrometeorological extremes in south-eastern Moravia in 1751-1900 derived from taxation records
The analyses that follow are based on extreme events and the type of extreme. A single extreme event is understood as a case in which damage caused by inclement weather occurred on a given day to one or more estates concurrently. The second approach classifies extremes by type; one event may be attributed separately to several types of extreme, for example to thunderstorm, hailstorm and windstorm.
Spatio-temporal analysis
Investigation of the taxation records for ten estates disclosed a total of 175 hydrometeorological extreme events occurring in the 1751-1900 period. However, as becomes obvious in Fig. 3a , their temporal distribution is very variable.
Only 12 events (6.9 % of the total) were recorded in the latter half of the 18th century (mainly for the Milotice estate) and 41 events in 1851-1900 (23.4 %; from 1875 onwards recorded largely for the estates of Uherský Ostroh and Strážnice). The highest frequency of events is visible in 1816-1849, with some years outstanding: 1839 (ten events), 1840 and 1848 (eight each), 1845 (seven) and 1828 (six).
In terms of annual distribution of events, May (22.9 %) is followed by June (22.3 %), July and August (16.6 % each), totalling 78.3 % of all events in four months. Fifteen events (8.6 %) could not be attributed to a particular month because the dating in the taxation documents was unclear (e.g. some of the floods). If individual types of extremes are addressed (flood, flash flood, torrential rain (downpour), thunderstorm, hailstorm, windstorm, late frost), the total number increases to 272 (Fig. 3b) . The frequency of individual types of extreme is again highest in 1839, 1840, 1845, 1848 and 1828. The annual distribution of particular types also remains parallel to the same months as for total events. Hailstorms were the most frequently-mentioned class (25.7 %), followed by torrential rain (21.7 %), flood (21.0 %), thunderstorm (14.3 %) and flash flood (8.1 %).
The figures for total events and individual types of extreme above do not include anything about those of longer duration, such as droughts (appearing eight times in documents for 1719, 1834, 1856, 1863, 1869, 1889, 1892 , and 1894 -S12, S15, S19, S20, S25), destruction of winter crops (in one of three cases this was associated with a wet spring, in 1817 -S25, S35) and a cold spell during the harvest in 1821 (S25). An item referring to a strong wind during a fire (11 April 1839 at Mistřín -S9) was also not included.
Despite the great temporal variability of hydrometeorological extremes, there also exist large spatial differences in the records (Fig. 4) . The tax relief documents in the study area show the highest number of events interpreted for the estates of Strážnice (74) and Uherský Ostroh (60), while only six events were attributed to the Bzenec estate (derived from the records of other estates) and none to the Kvasice estate. This is largely a reflection of the availability of existing taxation records (completely missing from some estates), the physical-geographical features of the area (higher frequency of events close to the River Morava), its land-use (with respect to cultivated, grazed and forested areas), anthropogenic activity in the area, and the very spatially limited nature of severe convective phenomena. 
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Outstanding events
Outstanding hydrometeorological events in the area were selected with respect to their impacts, i.e. the number of settlements affected (Fig. 5) . Four cases may be considered the most disastrous:
(i) Thunderstorm with hailstorm, 12 June 1825
Twenty-four settlements on four estates and further nonspecified settlements on the Bzenec estate, all in the studied area, were affected by this event, which consisted of torrential rain and hailstorms followed by flash floods in some places. The spatial distribution of the damage reflects the patchy character of convective phenomena that arise out of severe storm cells (Fig. 5a ). Five dead are mentioned for the Buchlov estate (S4). Residential houses and business premises were partly or totally destroyed and over 1200 cattle perished. Floods carried away bridges and damaged roads. In three villages on the Velehrad estate, the most affected by flash floods, water reached the ceiling in some houses (S27) . Meadows and pastures were flooded and covered in transported mud, rendering subsequent haymaking impossible. The harvest, nearly due, including that of vineyards, was significantly damaged. For example, tax relief was set at 10 680 guilders for the 12 settlements on the Velehrad estate (S26, S27), 830 guilders for three villages on the Milotice estate (S9) and 640 guilders for Moravský Písek on the Veselí nad Moravou estate (S25); other estates lack information. Collections to aid the people stricken by this event were organised by the estates of Bzenec, Buchlov and Velehrad (S25, S27, S34), as well as at district level. This tragedy even found fame in a folk-ballad lamenting the terrible flash flood on the three estates, referring also to a thunderstorm and windstorm on the following day, 13 June (Hrubý, 1907) .
(ii) Thunderstorm with hailstorm and windstorm, 20 May 1847
A total of 22 settlements on four estates in the area studied were affected by this event. Their spatial distribution reflects the patchy character of convective phenomena related to severe storm cells accompanied by hailstorms and windstorms (Fig. 5b ). Significant damage was done by hailstorms to various crops (mainly winter growth) and, combined with windstorms, to houses and business premises (e.g. broken windows, roofs and even buildings damaged or demolished). For example, two of the most-affected villages on the Uherský Ostroh estate asked for relief of corvée duty (manual labour done in lieu of cash tax payments) and three of the inhabitants for the loan of roof tiles from the count's brickyard (S19). Support for those affected also included timber for building repairs. At Uherské Hradiště, a collection was organised to aid the village of Popovice, where the whole harvest had been destroyed (S34) . Moreover, the villages of Popovice, Podolí and Mařatice obtained loans from a contributory fund in order to buy seed (S38) . A terrible wind during a thunderstorm and hailstorm on 20 May was also recorded at Chrudim in Bohemia (S32).
(iii) Flood, mid-June 1847
This event impacted upon 28 settlements on six estates in the area studied. Very heavy rain over a period of several days brought the River Morava into flood. The land holdings of the afflicted settlements were located along the River Morava (Fig. 5c ). Despite all attempts at protective measures, the river flooded and inundated meadows, pastures and orchards. Hay was destroyed, while meadows and pastures were covered in mud, which led to a lack of fodder and inaccessibility of grazing. Moreover, settlements close to the River Velička and Sudoměřický potok Brook were also affected when these two waterways flooded (S4, S17, S19, S25, S27, S37, S38). Heavy rain in Moravia and Silesia was reflected in floods on other rivers dated, for example, to 14 June for the River Bečva (Dobeš, 1947) and the River Opava (Kreuzinger, 1862) , to 18 June for the River Oder in Polish Wrocław (Weikinn, 2002) and without exact dating for the River Nysa Kłodzka (Kasprzak, 2010) . The peak discharge rate for June 1847 on the River Vltava in Prague even qualifies it as a flood with a 10-year recurrence interval (Brázdil et al., 2005a 1881, 1883), which often bring high precipitation totals and floods mainly to the eastern part of the Czech Republic and Silesia (see e.g. Štekl et al., 2001; Brázdil et al., 2005a; Daňhelka and Kubát, 2009 ).
(iv) Thunderstorm with hailstorm, 29 June 1890
This event is documented for 34 settlements on seven estates in the area studied. Their spatial distribution reflects the patchy character of severe convective phenomena, represented by thunderstorms, torrential rain and hailstorms (Fig. 5d) . Hailstones the size of walnuts fell and three settlements also referred to windstorms. Enormous damage was done to field crops, gardens and vineyards. Although information about this event is mentioned only in the records for the Uherský Ostroh estate (despite being related to seven estates) (S19), its effects were much more far-flung, even to Moravian province level (see CZdb for the year 1890). A committee established to assist those affected in the city of Brno made a summary two months after the event that mentioned damage to 153 settlements in seven political districts. In financial terms, the damage amounted to a massive 5 721 000 guilders. The district of Uherské Hradiště, in which all of the estates studied were located, reported damage of 2 896 000 guilders and 46 settlements affected (S19). Contribution campaigns to help the afflicted were organised throughout the land. For example, the owner of the Uherský Ostroh estate contributed 2000 guilders in cash and crops to the value of 4000 guilders (S19).
Discussion
Limitations and uncertainties of taxation records
Despite the fact that taxation documents were primarily created for the purpose of tax relief and not to record hydrometeorological extremes, they permit some definition of the types, dates and places of extreme events and to a certain degree of probability the extent of impacts. However, these positive features are counterbalanced by the interpretation of data becoming biased by various types of uncertainty, related to:
(i) Spatial and temporal uncertainty
This is influenced by the number of written documents to survive. Although spatial differences in phenomena can be partly related to natural patterns (e.g. the occurrence of the River Morava flood that affected only land in the inundation area) and the occurrence of severe convective phenomena, the changeable temporal density of records during the period studied clearly reflects the availability of existing documents. Generally, after a decision on tax relief had been taken, the relevant documents lost importance and were destroyed or preserved only with the short term in mind. Further reasons for lack of information might be damage to archived documents arising out of inappropriate storage or their loss by fire or other natural disaster. This holds true not only of documents at the level of particular estates but also at that of the regional office administration. Another influencing factor may be found in changes in tax systems, largely in the varying proportions of dominical and rustic land.
(ii) Uncertainty in the annual distribution of phenomena
Because requests for tax relief concerned damage to agricultural crops, the great majority of them were related to the period from May to August. Furthermore, the seriousness of the damage and the likelihood of a consequent request for tax relief also lent disproportionate importance to particular parts or even this restricted period of the year, as defined by stages of crop phenophase. This thoroughly overshadowed events occurring in other parts of the year (e.g. winter floods), leaving them to remain largely un-noted or unnoticed in estate documents. On the other hand, it implies that the extremes found are for the greater part related to the convective phenomena that usually accompany the most severe storms.
(iii) Uncertainty as to the type of extreme
Much depended on observational talent and literacy, not to mention attention to detail, on the part of whoever recorded the information concerning the background, the hydrometeorological extreme and the damage done. For example, one might suppose that the number of violent thunderstorms might have been higher than is mentioned because records often concentrated only upon the heavy hailstorms or torrential rain that actually did the damage.
(iv) Uncertainty about the damage done
Only events that led to damage that gave entitlement to tax relief were recorded. This means that the hydrometeorological extremes taken down express only some of the events that really occurred during the period and in the area studied. The full set of events that actually occurred cannot be described with anything like the precision of systematic observation at meteorological and hydrological stations or that derived from regular observation series by any statistical method.
Comparison of historical and recent hydrometeorological extremes
Any direct comparison between historical hydrometeorological events derived from taxation records with those established statistically from more recent periods is very difficult. While past historical events reflect damage done, more recent data are based on systematic observations (sometimes using a statistical approach such as theoretical distribution), but information about damage is added only very seldom and has to be sought in other places, usually also incomplete (e.g. newspapers, chronicles). Moreover, only a small proportion of systematically observed phenomena may be involved in damage. For example, in southern Moravia during the 1957-1995 period, damage resulted from only 6 % of the thunderstorms that occurred and from around 23 % of all the hailstorms (Brázdil et al., 1998) . This is close to an analysis by Changnon (1997) for the USA in which only 5 % to 10 % of all thunderstorms and 10 % to 25 % of all hailstorms result in damage.
The highest decadal frequency of hydrometeorological events occurred between 1821 and 1850 (see Fig. 3 ), leading to the selection of the period 1816-1855 for comparison purposes. In this 40-year period, the total number of extreme events, as well as individual types of extremes, was the highest (73.1 % and 72.4 %, respectively, with regard to the whole 1751-1900 period). The selected period was used for comparison with other more recent time intervals, mainly 1961-2000. Based on data arising out of homogeneous temperature and precipitation series for the Brno station in 1816-1855 and 1961-2000 (Fig. 6) , it may be concluded that the first period was cooler in all months and wetter, most markedly in January and August. In contrast, not only November and December, but also February, March and May were significantly cdrier.
Probably the best source of comparisons is information about the flooding from the River Morava, despite the fact that historical cases reflect floodplain inundation while those based on instrumental data are selected statistically after peak flood discharges Q k (Q k ≥ Q 2 , where Q 2 stands for peak discharge with a return period of two years). Depending on river channel capacity, it cannot be excluded that in lower Nyear discharges (N-year water stages) the river did not even leave its channel and inundate the floodplain. Moreover, anthropogenic channel modifications in recent times may have increased river channel capacity. In the light of these drawbacks and the character of floods derived from tax-related records, the only comparison that seems reasonable relates to summer floods associated with heavy rain and occurring from April to September. Of 37 summer floods documented for the River Morava in 1751-1900 AD (based on instrumental data after 1881) by Brázdil et al. (2011), 14 events (37.8 %) were identified by means of tax records from the area studied. In ten of these events (27.0 %), the floods were also known from other sources. Comparing summer floods in the 1816-1855 and 1961-2000 periods, the corresponding frequencies are 27 and 11, respectively.
In analysis of the tax records, flash floods were classified as cases when, after torrential rain, floods occurred on tributaries of the River Morava or upon smaller local stream systems. While in the 1816-1855 period a total of 14 such events occurred (in 11 years), incomplete (mainly newspaper) evidence for 1961-2000 suggests 13 events (in ten years) affecting some settlement in the area studied. Of particular note is the case of a disastrous flash flood on 9 June 1970 in the Kyjov andŽdánice region (theŽdánice station measured 133.6 mm of precipitation for the day), in the course of which five settlements on what was once the Milotice estate were also affected. Thirty-five people died (34 miners when the lignite mine atŠardice collapsed), 317 houses were damaged as well as many business premises, etc. (Cyroň and Kotrnec, 2000) .
The occurrence of flash floods is closely related to relatively brief, but very heavy torrential rain. Using 12 raingauge stations run by the Czech Hydrometeorological Institute (CHMI) for the area studied in the 1961-2000 period, frequencies of May-August days with precipitation totals ≥30.0 mm, ≥40.0 mm, ≥50.0 mm, ≥60.0 mm and ≥70.0 mm for at least on the one station were calculated (Fig. 7a ). Higher totals in these months were often caused by severe convective storms. Taking into account daily totals of ≥30.0 mm, their frequency varied between one (1973) and ten (1968, 1977) days. However, daily totals of ≥70.0 mm were achieved only four times, in 1962 (flash flood on 22 July), 1965 and two times in 1997 (disastrous flood on the River Morava in July 1997 -see e.g. Brázdil et al., 2005a Brázdil et al., , 2011 , and totals between 60.0 and 69.9 mm in 14 years (with flash floods associated with eight events in five years, on 9 June 1970 , 5 June 1971 , 3 July 1981 , 9 August 1981 , 26 June 1989 , 17 July 1989 , 24 May 1990 , and 8 June 1990 . This means that not every high daily totals are necessarily followed by a flash flood, despite the fact that high totals may occur in small areas not covered by any standard CHMI station.
The frequency of May-August days with hailstorms ( Fig. 7b ) recorded for at least one of 12 CHMI weather stations in the area studied in the 1961-2000 period fluctuates between one day (1999) and 13 days (1971), with a mean annual frequency of 5.8 days. On the other hand, hailstorm days with damage in 1816-1855 fluctuate between zero (12 years) and six (1839) with a mean annual frequency of 1.4 days. This corresponds with the 24 % of days with hailstorms recorded in the recent period, which is in a good agreement with figures mentioned by Changnon (1997) and Brázdil et al. (1998) . This comparison may be also complemented by data related to tax relief in the 1896-1906 period (Koutný, 1908) , expressed as frequency of hailstorms doing damage to crops (Fig. 8a ) and declared tax relief (Fig. 8b) . Spatial distribution is a mixture of various factors, such as physical-geographical features, extension of agriculturallyused land (fields, orchards, vineyards) and stages of crop phenophase in which a given hailstorm occurred (directly influencing degree of damage).
Damage related to the windstorm on the Strážnice estate on 28 January-1 February 1848 (S17) and 21-23 November 1868 (S15) reflects the importance of wind erosion, a perennial problem in south-eastern Moravia (e.g. Švehlík, 1985; Hrádek et al., 1995) . This effect is limited to arable land (soils on sandy substrates) in the drier periods of the year (without snow cover in the winter half-year) during south-east winds. For example, soils occurring in the land registers of seven villages in the area studied (five of them on the Milotice estate) have recently been classified as "severely endangered" and Vacenovice (on the Milotice estate) even as "most endangered" in the eastern part of the Czech Republic (degrees 5 and 6 respectively of a six-degree classification for soil erosion) (Brázdil and Kirchner, 2007) .
Finally, although the 1816-1855 period, as the interval with the highest number of hydrometeorological extremes in south-eastern Moravia, coincides very closely with the final phase of Little Ice Age in Europe and a significant onset of Alpine glaciers (e.g. Grove, 2004; Holzhauser et al., 2005 Matthews and Briffa, 2005; Wanner et al., 2009) , we have to be somewhat cautious in this comparison because of the temporal and spatial incompleteness of data derived from tax relief documents.
Conclusions
The paper analyses historical taxation data in terms of the study of hydrometeorological extremes and their impacts for a highly important agricultural-productive region along the River Morava (south-eastern Moravia, Czech Republic). The data obtained are quite new for the region studied events known from other reports (see CZdb). Thus they can also be utilised for cross-checking excerpted data. Despite certain limitations, the processed reports enable generally reliably statements on the date and place of an extreme event, its type and, with some probability, the extent of its impacts. These sources are thus at least equivalent to other documentary sources of historical climatology and hydrology of an individual or institutional character such as chronicles, memoirs, personal correspondence, etc. (Brázdil et al., 2005b (Brázdil et al., , 2006a (Brázdil et al., , 2010 and in some ways may even prove better.
On the other hand, we have to bear in mind that only extremes that impact heavily on crops are recorded in these administrative documents, i.e. derived frequencies of extremes are much lower than those derived from any statistical method or approach from the period of systematic observations. Taxation data related to hydrometeorological extremes may be also used for the study of associated economic impacts (e.g. Grove and Battagel, 1983 ) and the detail included in the information is valuable to the study of the history of everyday life (see e.g. van Dülmen, 1990 Dülmen, , 1992 Dülmen, , 1994 Novák, 2007; Lenderová et al., 2009; Bůžek et al., 2010) . Moreover, this case study, confined to a small area in south-eastern Moravia, demonstrates the high potential of historical taxation data in the study of hydrometeorological extremes in many other European countries or areas, i.e. it can significantly extend our knowledge of natural disasters and their impacts on a broader European scale in the pre-instrumental period as well as the instrumental.
